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SUMHABY 


This report presents a method for showing, hy means of 
three curves, the locations of the points of tangency to the 
envelope of the main-sprey Blisters generated By flying-Boat- 
hull models, as oBtained from "general" testa in the speed 
range up through the hump (displacement-speed range). Por a 
given model there is one curve eaoh for the longitudinal po- 
sition, the lateral position, and the vertical position of 
the point of tangency of the main-spray Blister with the 
crest of the envelope; each curve represents all the data 
taken at all combinations of load and speed, in free-to-trlm 
tests with a given position of the center of gravity. The 
relationships used are 

C j/ (Cy S /C^ 1 ^ 3 ) for longitudinal position (l) 

Cy/C^ 1 ^ 3 = 0 a (Cy a /C A 1 ^ 3 ) for lateral position (3) 

Og/C^ e ^3 (Cy a /G^ 1 ^ 3 ) for vertical position (3) 

in which the left-hand side represents the position in terms 
of the size of the hull and 'the right-hand side is a form of 
the Troude number. These three relationships are tested By 
applying them to the data for seven different models and are 
found to Be reasonably satisfactory for all of thorn. 

The method should Be useful for extrapolating the limited 
data ordinarily oBtained from specific tests, for reducing the 
number of tests required to obtain adequate indications from 
general tests, and for comparisons Between hull forms of the 
same general type. It is Intended to supplement, rather than 
to supplant, the method involving two-view drawings of the 
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■pray, previously developed and described in reference 1 - 
a method vhioh provides a very vivid presentation of the re- 
sults and is not easily supplanted. 


IHTRODUCTIOIT 

t 


This report may he considered to he the third of a se- 
ries, of which references 2 and 3 are the others, describing 
the development of methods of presenting the results of gen- 
eral tests of hydrodynamic characteristics of flying-boat- 
hull models in as compact a form as possible. These methods 
facilitate comparisons between different hull forms and per- 
mit the fullest possible use of limited test data. 

With completion of this report, methods of presenting 
data in collapsed form have now been developed for the three 
primary hydrodynamic characteristics: resistance, dynamic 
stability, and main-spray blister. Figure 23 shows a pre- 
sentation in summary form of data on all three of these 
characteristics, for a particular flying-boat model. This 
chart is a modification of a chart originally shown in ref- 
erence 4. In the earlier form of the chart, only the resist- 
ance and dynamlo stability data were collapsed; in the pres- 
ent form the main-spray data arc also collapsed. On figure 
23 there are shown 

At the top - 

Main-spray data for the displacement range 

In the middle - 

Free-to-trim resistance and trim data for the dis- 
placement range 

At the bottom - 

Resistance, moment, and stability data in the plan- 
ing range 

For purposes of demonstration, the method for handling 
the main-spray data is applied in this report to the actual 
test data for seven different flying-boat-hull models. All 
the test data have been reported previously; they were ob- 
tained by the method described in reference) 1. 
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NOT AT I OH 


The following notation and nondimens i onal ooeffioients 
are used: 


Load coefficient 
Speed coefficient 
Longitudinal spray coefficient 
Lateral spray coefficient 
Vertical spray coefficient 

where 

A load on water, pounds 


0 A = A/wb 3 
C 7 - V/*£b 
0 X - X/b 
0 y » Y /b 
0 g 3 Z/b 


w speoifio weight of water, pounds per cubic foot 
(62.3 for Stevens) 


b beam at main step, feet 

7 speed, feet per second 

g acceleration of gravity, 32.2 feet per second per second 

X longitudinal position of main-spray point of tangenoy 
with reference to the main step, feet 

T lateral position of main-spray point of tangenoy meas- 
ured from the hull center line, feet 

Z , vertical position of main-spray point of tangenoy, meas- 
ured from the tangent to the forebody keel at the 
main step, feet 


METHOD AND ANALYSIS 


The method herein described for handling 
data is to a large extent an extension of the 
handling resistance data for the displacement 
in reference 3. 


main-spray 
method for 
range described 
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In the. displacement range of speeds, the main-spray 
"blister is a form of wave-making. Benoe, reasoning hy anal- 
ogy to surface vessels of the displacement type, the geomet- 
ric configuration of the spray "blister would be expected to 
be a function of the Troude number. The distances X, 7, 
and Z define an important aspect of the geometric config- 
uration: namely, the position of the peak of the blister at 
a particular speed. Under conditions of geometric similar- 
ity, therefore, it should be possible to write: 



< 1 «) 



(3 1 ) 



where ^ Is a linear dimension of the hull. 

In reference 3 it is concluded that, in the case of re- 
sistance, data from general tests on a particular hull are in 
most cases collapsed quite satisfactorily if A is taken as 
(Vol) 3 / 3 , even when geometric similarity is lacking because 
of changes of either loading or trim. Anticipating that the 
same thing might apply in the case of spray data and there- 
fore inserting h = (Vol) 1 ^ 3 in equations (l*) through (3'), 
the following equations are obtained when the usual NACA 
coefficients are substituted: 

0 x/°a i/3 - (Oy a /c A 1/3 ) (i) 

V C d l/3 3 On <V7°A l/3 > (2) 

°z/°A l/3 3 < * > 3 , ^T a /°A l/3) (3H) 

The first two equations are seen to agree with the first 
■two equations given on page 1; the third equation differs, 
however, in having C^ 1 ' 3 in the denominator of the left- 

hand side: whereas appears in the form actually used. 

The use of the criterion Qjs/^A for the ^ dimension, 
instead of the more rational criterion Cz/^A 1 ^ 3 * * B a na t - 
ter of pure empiricism. It was adopted because it was found 


l 
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to do a 'better Job of collapsing the data than the more ra- 
tional criterion. This does not mean that the same physical 
principles which govern the X and T dimensions do not 
go'veh'n the Z' ' dimension of the spray blister; the explana- 
tion probably lies in the definition of the spray height Z. 
Fraotioal considerations dearly indicate the desirability 
of defining thlB height as the distanoe above the forebody 
keel rather than the distanoe above the free water surface. 
But this definition has no direct connection with the physios 
of the matter, since at the present time, the determination 
of a practicable empirical criterion is considered to be the 
point of major interest, and the fact that as simple a cri- 
terion as O 2 /O^ can be used successfully is obviously an 
advantage . 

In practice, the three coordinate dimensions, X, 7, Z, 
refer to the point of tangenoy of the spray blister at a 
particular speed to the orest of the surface enveloping the 
spray blisters for all speeds within the range covered, at a 
single displacement. The following sketch shows the envelope 
for one displacement. The coordinates are shown in figure 1. 


Crest of 

envelope Envelope of blisters at various speeds 



Halation of schematic envelope to model 


Use of the point of tangenoy rather than of the actual 
peak of the blister is believed to put the results into a 
more useful form for practical purposes. 
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TRIAL APPLICATIONS 


'• 'Equations (l), (2), and (3) are applied to the data 

from general spray teste on aeves models In the charts on 
figures 1 to 22, 

Bquation (l ) - C x /C A l/3 » <1> X (Cy a /0 A 1/3 ) (figs. 1 through 8) 

aquation (2 ) - Cy/O^ 1 /z = 4> a (Cy a /0 A l/3 ) (figs, 9 through IB) 

Bquation (3)-0 z /0 A = $ 3 (Cy a /C A l/s ) (figs. 16 through 22) 

The Beven models oomprise two oonslBtent series of models de- 
rived from the XPB2M-1 as the parent hull. The first three 
models involved changes of dead-rise angle; 10°, 20°, and 30° 
at the main step, respectively. The second four models in- 
volved changes of length-beam ratios, S. 07, 6.19, 7,32, and’' 
8.46, respectively. Spray tests previously were reported for 
these two series of models, for the first series in reference 
1, and for the second series in reference 4, It will be seen 
that the models cover a reasonably wide range of over-all 
variation from ths form of the parent XPB2M-1 and thus pro- 
vide a fairly rigorous trial of the proposed method. It may 
be noted that all tha models were tested free-to-trim, with 
the center of gravity at the earns position relative to the 
step. 


Referenoe to the charts (figs. 2 through 22) shows that 
it has been possible to draw a single mean curve in every 
case except one. The exception is the 30°-dead-ri s e model, 
which, however, is a fairly extreme model and might well be 
inconsistent in behavior with more conventional models. 

Prior to drawing the charts, it had been supposed that the 
T was the most difficult of the three measurements to ob- 
tain from the tests. However, the scatter of the individual 
test points aotually found is generally no greater on the 
charts relating to the Y dimension, than on the other 
charts . 


CONCLUDING REMARKS 


A study of the curves for the different models consid- 
ered indicates that if a fixed longitudinal position (the 
main step, for example) and a fixed C A are taken, the 
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variation of the 7 orlterlon among the model's Is small, and 
the variations of the Z criterion relatively large. The 
implication 14 clear that the prlnolpal consequence of alter- 
ing the hull form is' to alter the spray height, and that the 
position of the envelope to the blister Is more or less fixed 
In the horlsontal plane. 

It is desired to emphasise once more that the method of 
collapsing spray data herein considered is not intended to 
renlace, but rather to supnlement, charts of the tyne pre- 
sented in references 1 and 4. The purpose of the method is 
to facilitate comparisons between hull forms, and to help in 
reducing the number of tests needed to establish properly 
the spray characteristics of individual models. 


Sxp a rim«ntal Towing Tank, 

Stevens Institute of Technology, 

Hoboken, H. J. , September 20, 1944. 
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FIGURE 23 
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